This study was carried out to test the hypothesis that diet-induced nephrocalcinosis causes enhanced loss of albumin in urine, irrespective of the composition of the nephrocalcinogenic diet. Female rats were fed various purified diets for 28 days. There was a control diet (0'5% Ca, 0·040;0 Mg, 0'4% P, 15'1% protein, wt/wt), a low Mg (0·01% Mg), a high protein (30'2% protein) and a high P diet (0'6% P). The low Mg and high P diet induced nephrocalcinosis as demonstrated histologically and by markedly increased concentrations of kidney Ca. In rats fed the high protein diet, nephrocalcinosis was essentially absent. Group mean values of urinary excretion of albumin and plasma concentrations of urea were increased in rats fed either the low Mg or high P diet. The high protein diet did not affect urinary albumin but caused Iysozymuria which was not seen in the other groups. Plasma urea was increased in rats fed the high protein diet. In individual rats, the concentration of Ca in kidney and urinary albumin excretion were positively correlated. It is suggested that nephrocalcinosis in female rats induced by either low Mg or high P intake causes kidney damage which in turn leads to increased concentrations of albumin in urine and urea in plasma.
Summary
This study was carried out to test the hypothesis that diet-induced nephrocalcinosis causes enhanced loss of albumin in urine, irrespective of the composition of the nephrocalcinogenic diet. Female rats were fed various purified diets for 28 days. There was a control diet (0'5% Ca, 0·040;0 Mg, 0'4% P, 15'1% protein, wt/wt), a low Mg (0·01% Mg), a high protein (30'2% protein) and a high P diet (0'6% P). The low Mg and high P diet induced nephrocalcinosis as demonstrated histologically and by markedly increased concentrations of kidney Ca. In rats fed the high protein diet, nephrocalcinosis was essentially absent. Group mean values of urinary excretion of albumin and plasma concentrations of urea were increased in rats fed either the low Mg or high P diet. The high protein diet did not affect urinary albumin but caused Iysozymuria which was not seen in the other groups. Plasma urea was increased in rats fed the high protein diet. In individual rats, the concentration of Ca in kidney and urinary albumin excretion were positively correlated. It is suggested that nephrocalcinosis in female rats induced by either low Mg or high P intake causes kidney damage which in turn leads to increased concentrations of albumin in urine and urea in plasma. Kidney calcification is a 'spontaneous' disorder in female rats, the incidence being dependent on the brand of diet fed to the animals (Clapp, 1980; Clapp et 01., 1982) . With the use of purified diets we have shown that an increasein the concentration of phosphorus (P) in the diet of female rats causes nephrocalcinosis (Mars et 01., 1988) , which is associated with increased excretion of albumin in urine (Ritskes-Hoitinga et 01., 1989) . This could imply that nephrocalcinosis impairs kidney function. On the other hand, it could be suggested that an increased intake of P by itself causes loss of albumin in urine. Restriction of dietary magnesium (Mg) has also been shown to induce nephrocalcinosis (Bunce et 01., 1965; Harwood, 1982) , whereas increased dietary concentrations of protein have the opposite effect (Eklund et 01., 1973) . Thus, by feeding diets that differ in their concentrations of P, Mg or protein, the degree of nephrocalcinosis can be modified. If the excretion of albumin in urine is positively correlated with the degree of nephrocalcinosis in rats fed different diets, it seems reasonable to propose that nephrocalcinosiscauses kidney damage which leads to loss of albumin. The present experiment was therefore performed as an attempt to demonstrate whether or not a relationship existed between diet-induced nephrocalcinosis and urinary output of albumin in female rats. In addition, we have analysed urinary lysozyme and plasma urea as further indicators of kidney function, and mineral excretion to check the composition of the diets.
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Materials and methods
Animals, housing and diets
Female, specified-pathogen-free derived outbred Wistar Rivm : TOX rats (National Institute of "The control diet was formulated to contain O· 5% Ca, 0-04% Mg and 0,4% P according to the recommendations of the National Research Council (1978) . The control diet also served as pre-experimental diet. bThe constant components consisted of (g/loo g diet): casein, 15'1; corn oil, 2'5; coconut fat, 2'5; cellulose, 3,0; KCI, 0'1; KHCO), 0'77; mineral premix, 1'0; vitamin premix, 1·2. The composition of the mineral and vitamin premix has been described (Hoek et al., 1988) .. 'Chemical analysis showed that the ovalbumin preparation contained 0,0440/0 Ca, 0,054% Mg and 0·\06% P. The high protein diet was balanced for the minerals in ovalbumin.
Public Health and Environmental Protection, Bilthoven, The Netherlands), aged about 3 weeks, were used. On arrival, the rats were housed in groups in Makrolon-3 cages (UNO BV, Zevenaar, The Netherlands), with a layer of sawdust as bedding. The cages were placed in a room with controlled temperature (20-22°C), lighting (light: 0600-1800 h) and relative humidity . For 3 days the animals were fed ad libitum a commercial, pelleted diet (RMH-B®, Hope Farms, Woerden, The Netherlands) and tap water. Subsequently, all rats received the purified, pre-experimental diet with calculated concentrations ofO' 5% (wt/wt) calcium (Ca), 0'04% Mg and 0'4% P (Table 1) . Food and demineralized water were supplied ad libitum. After another 12 days (day 0 of the experimental period), the rats were divided into 4 groups of 6 animals each. The distribution of body weight in each group was similar. Each group was assigned at random to one of the purified diets given in Table 1 . The rats were now housed individually in metabolic cages (Tecniplast Gazzada, Buguggiate, Italy). One group remained on the pre-experimental diet. The other groups were fed either the low Mg, high protein or high P diet. The rats had free access to food and demineralized water. The purified diets, which were in meal form, were stored at 4°C until feeding. Feed intake and body weight were recorded. The experimental period lasted 28 days.
Chemical methods
From days 13 to 15 and 26 to 28 urine and faeces of each rat were collected quantitatively. Faeces, urine and feed samples were analysed for Ca, Mg and P as described (Hoek et 01., 1988; Mars et 01., 1988) . Albumin in urine was analysed with the radial immunodiffusion method described by Mancini et 01. (1965) . Lysozyme in urine was detected by the agar plate diffusion method described by Osserman and Lawlor (1966) .
On day 28 of the experiment, blood was obtained by orbital puncture while the nonstarved rats were under light diethyl ether anaesthesia. Plasma was collected from the heparinized blood samples by low speed centrifugation. Plasma urea was determined with a commercial test combination (Urea UV, MA-KIT 10 ROCHE, Roche diagnostics, Basel, Switzerland), with the use of a COBAS-BIO auto-analyser (Hoffman-La Roche BV, Mijdrecht, The Netherlands).
The anaesthetized rats were killed by exposure to carbon dioxide. Kidneys were collected, and capsules removed. The right kidney of each rat was used for the analysis of Ca, Mg and P (Hoek et 01., 1988; Mars et 01., 1988) . The left kidneys were fixed in formaline. They were processed for staining with Von Kossa's method (Hoek et 01., 1988) and with haematoxylin eosin. The severity of nephrocalcinosis was graded on a scale from o (no calcium deposits) to 3 (severe calcinosis).
Four reference slides were used for scoring. The kidneys were scored in random order and by two persons who were blinded to treatment modality. The score of each rat was the average score of the two assessors. 
Diet code (gllOO g) High Con trot' Low Mg protein High P Ingredient
Diet code Parameter
Control LowMg High protein HighP Body weight (g) Initial, day 0 105·1 ± 10,0 105·2 ± 9'1 105·2 ± 9,6 105'1 ± 9'3 Final, day 28 181·9 ± 13, 5-179·3 ± 16·6-188'3 ± 5·9-173·0 ±20'1-Feed intake (g/day) 12·7 ± 0·9-12· 5 ± 1·0-12·7 ± 0·6-12·2 ± 1,6" Intake (mg/day) Calcium 70,6 ± 7,7 66·2 ± 7·2 66'5 ± 3·4 64,4 ± 12·8 Phosphorus 64,7 ± 7,0 55-I ± 6,0 59·2 ± 3'1 81·1 ± 16'1 Magnesium 5,9 ± 0,6 1·4 ± 0'1 5,8 ± 0,3 5'5 ± 1·1 Urinary output (mg/day) Calcium 0,7 ± 0·3- 6-2 ± 0,9" 8'5 ± 2·4-8,5 ± 0,68 7·2 ± 0,8' Means ± SD for 6 rats per dietary group. The experiment lasted 28 days; urine and faeces were collected from days 13 to IS for the analysis of albumin and lysozyme and from days 26 to 28 for the analysis of minerals. 'On a dry weight basis. 20n a scale from 0 (absent) to 3. Means are given. 3Measured qualitatively: -, absent; +, present. Group means in rows not sharing a common superscript (a, b or c) are significantly different (P<0·05).
Statistics
For data not distributed normally, the Kruskal Wallis rank statistics test was used to compare group means; for data distributed normally the Scheffe test was used. The Spearman rank order correlation coefficient was computed between the concentration of Ca in kidney and the amount of albumin in urine. Statistical analyses were calculated from a statistical package (Nie et al. , 1975) .
Results and discussion
Highest and lowest final body weights were seen in rats fed the high protein and high P diet, respectively ( Table 2) . Feed intakes were similar for all groups. The effects of the experimental diets on mineral excretion were in agreement with those found in previous studies (Whiting & Draper, 1980; Hoek et al., 1988; Mars et al., 1988 ). An increase in protein intake caused a significant increase in urinary excretion of Ca. The high P diet produced significantly increased rates of P excretion in urine. Urinary and faecal excretion of Mg as well as Mg retention were decreased by the low Mg diet.
Kidney dry weight was markedly increased in rats fed the low Mg diet. When compared with the control diet, the high protein and high P diet proximal tubulus (Maunsbach, 1966; Schneider et al., 1980) . Rats fed the high protein diet excreted detectable amounts of lysozyme in urine, whereas the rats fed the other diets did not. Lysozyme excretion might point to damage of the proximal tubulus (Balazs & Roepke, 1966; Harrisson et al., 1973) . However, histological examination of the haematoxylin eosin stained slides revealed no clear evidence of damage to the proximal tubuli in the animals fed the high protein diet. The rats fed the high protein diet had increased plasma levels of urea which may be explained by enhanced catabolism of proteins. 3.0 produced a slight increase in group mean kidney weight. Group means of kidney Ca concentration were significantly elevated in rats fed the low Mg and high P diet. The high protein diet reduced kidney Ca. The observed effects of the experimental diets on kidney Ca agree with earlier work (Hoek et al., 1988; Mars et al., 1988) . The effects on kidney P paralleled those on kidney Ca.
The concentration of kidney Ca correlates strongly with the severity of nephrocalcinosis as demonstrated histologically (Hoek et al., 1988) . Thus nephrocalcinosis on the basis of histological analysis was most severe in rats fed the low Mg or high P diet (Table 2) . Kidney changes such as a largely calcified corticomedullary junction, dilated cortical tubules, and tubular hyperplasia were apparent. In rats fed the high protein diet, nephrocalcinosis was essentially absent.
The high P diet caused increased urinary excretion of albumin when compared with the control diet (Table 2) . This corroborates our earlier work (Ritskes-Hoitinga et aI., 1989) . In addition, plasma urea concentrations were increased in rats fed the high P diet. The low Mg diet also induced increased urinary excretion of albumin and increased concentrations of urea in plasma. This suggests that kidney function was impaired in rats fed either the low Mg or high P diet.
Since both the low Mg and high P diets induced nephrocalcinosis, it could be suggested that this condition was responsible for the increased urinary excretion of albumin. However, this suggestion is untenable in general terms. When compared .with the control diet, the high protein diet did not affect urinary albumin excretion but caused disappearance of nephrocalcinosis. If nephrocalcinosis were invariably associated with increased urinary albumin excretion, then the high protein diet should have induced a decreased loss of albumin in urine. Nevertheless, Fig. 1 shows a direct relationship between kidney Ca and urinary albumin in individual rats; the correlation coefficient was 0,53 (P<0'05; n =24). Albumin excretion is assumed to reflect glomerular leakage and/or defective reabsorption in the In summary, this study suggests that an increase in 'the degree of nephrocalcinosis in female rats is associated with increased excretion of albumin in urine. This relationship is not critically dependent on the composition of the diet as it was seen in rats fed either the low Mg or high P diet. Possibly, it can be
